This study investigated the effects of streptozotocin (STZ)-induced diabetes mellitus (DM) on protein and cation levels in ocular tissues (lenses, cornea, lacrimal glands and retina with sclera) of rats. Diabetic rats and their lacrimal glands weighed significantly less (p < 0.05) than age-matched controls. Diabetic animals also had significantly (p < 0.05) elevated blood glucose and significantly reduced (p < 0.05) plasma insulin compared to controls. Total protein concentrations in the cornea, lens, lacrimal gland and retina with sclera were markedly reduced compared to controls (circa 50%-90%). Diabetic cornea, lenses, lacrimal glands, and retina with sclera contained more Ca 2+ (p < 0.05) than age-matched controls (2-3 fold). Levels of Zn 2+ were also elevated (p < 0.05) in the cornea and retina with sclera of diabetic rats, as compared to control rats (2-3 fold), but were unaffected in lenses and lacrimal glands. In contrast, levels of Cu 2+ , Mg
Introduction
Diabetes mellitus (DM) is a major global health problem that affects more than 185 million people around the world. [1] [2] [3] The disease is an increasingly prevalent metabolic disorder in humans and is characterised by hyperglycaemia . 4, 5 This is due to either a lack of insulin or insensitivity of insulin to target cells. 6 DM can be divided primarily into two types: Type 1 or insulin dependent diabetes mellitus (IDDM) and type 2 or non-insulin dependent diabetes mellitus (NIDDM). 4 With regards to incidence, around 5% of diabetics suffer from type 1 DM and the remaining 95% suffer from type 2 DM or maturity onset DM. 1 Type 1 DM is due to autoimmune destruction of β-cells, especially in childhood. On the other hand, type 2 DM is mainly due to hereditary factors, affluent lifestyles and obesity. 4 Both types of DM are associated with a number of common symptoms such as polyurea and polydipsia, and long term complications including retinopathy, cardiomyopathy, nephropathy, neuropathy, foot ulcers and 4, 7, 8 Both type 1 and type 2 DM damage a variety of ocular tissues including the retina, lenses and cornea. [8] [9] [10] [11] Corneal abnormalities are found in more than 70% of diabetic patients 12 but retinopathy is the most serious eye condition associated with diabetes. 11 Retinopathy occurs in two major forms, nonproliferative and proliferative, and these encompass most forms of the diabetes-related disease that affects the retina. Diabetic retinopathy is associated with angiopathy and, in addition to the retina itself, affects other ocular structures such as the cornea, the lens, and surrounding tissues, as well as the lacrimal gland. It has been shown that diabetes causes microvascular abnormalities that lead to retinal vascular pericyte loss and endothelial damage, which in turn cause microvascular occlusion and alterations in retinal vascular permeability often resulting in ischaemia and retinal edema. 4, 7 This particular complication of DM is highly prevalent in developing countries and can be particularly severe in persons who have type 1 DM, also occurring frequently with chronic type 2 DM. Approximately one quarter of persons with diabetes have at least some form of diabetic retinopathy, and the incidence increases with the duration of diabetes. At 10 years, the prevalence of retinopathy in patients with diabetes is almost 7% and rises to greater than 90% after 25 years. Diabetic retinopathy can also accelerate during puberty and pregnancy.
In many cases, the pathogenic basis of diabetes -induced damage to ocular tissues is unclear at the cellular and molecular levels 8 and recent work has indicated that ion dependent proteins such as calpains may be involved in diabetes-induced ocular damage. 13 T he present study investigates the effects of streptozotocin (STZ)-induced type 1 DM on protein concentration and on cation contents in ocular tissues of the rat compared to age-matched healthy controls.
Materials and methods

Materials
Streptozotocin, analar grade chemicals and ion standards were obtained from BDH (Poole, UK).
Experimental procedures
Adult male Wistar rats (150-450 g) were used in this experiment. Ethical clearance was obtained from the Ethics Committee of the University of Central Lancashire. One group of animals (150-200 g and 8 weeks old) were injected intraperitoneally (IP) with 60 mg per kg body weight of STZ dissolved in citrate buffer (pH 4.0) and another group (150-200 g and 8 weeks old) received an equivalent volume of citrate buffer alone 14 . Blood glucose and plasma insulin levels were measured 4 to 5 days following STZ administration, and 6 to 8 weeks later, to confirm DM 12 , using a glucometer (Johnson and Johnson, UK) and commercial immunoassay kits, respectively. Blood concentrations of glucose in excess of 300 mg dl -1 confirmed DM.
Animals were humanely sacrificed in line with ethical approval and the lacrimal glands and eyes removed. These tissues were then dissected into retina, cornea and lens, weighed and subsequently divided into two groups. One group of tissues was individually placed in 1 ml of concentrated nitric acid (70% v/v), allowed to dissolve overnight and subsequently rota mixed. A volume of 0.2 ml of the dissolved tissue was placed in a test tube containing 9.8 ml of deionised water and rota mixed. This solution was subsequently used to measure the levels of Na
, Zn 2+ and Ca 2+ using atomic absorption spectroscopy according to established methods 16, 17 against appropriate standards. All values were expressed as mg ml -1 100 mg wet tissue -1 . Additionally, the other group tissues were individually sonicated to release proteins. Using appropriate dilutions against standards, the total protein concentration of each sample was estimated using Lowry's method. 18, 19 Values were expressed as mg. ml -1 100 mg wet tissue -1 . All statistical comparisons were made using the unpaired student's t-test. A value of p < 0.05 was taken as significant.
Results and Discussion
In the present study, the effects of STZ-induced diabetes on the levels of protein and cations in ocular tissues of the rat were investigated. Eight weeks after the induction of diabetes, diabetic and control animals were characterised and the results are shown in table 1. When compared to the control group of rats, rats injected with STZ exhibited reduced plasma insulin and elevated blood glucose (p < 0.05 in all cases). These changes confirm the induction of 15, 20, 21 resulting from β-cell destruction through the action of STZ. 14, 21, 22 It was also found that diabetic rats weighed significantly less than control animals (p<0.05). 20 In relation to ocular tissues, lacrimal glands from diabetic rats were also found to weigh significantly less (p<0.05) than those from the control group. However, no significant changes in the weights of lens, cornea, and retina with sclera were observed between diabetic and control animals.
The total protein in different ocular tissues was determined ( Figure 1 ) and the results showed the lacrimal glands of diabetic rats to contain levels of protein (per gram of wet weight) that were reduced by approximately 50% when compared to those of non-diabetic animals. In other exocrine glands such as the parotid gland and the pancreas, amylase secretion and total protein output is markedly reduced during STZ-induced diabetics compared with controls [23] [24] [25] [26] and this is due to a decrease in the gene expression of amylase mRNA. 27 When compared to control animals, the total protein of the cornea, lens and retina with sclera (per gram of wet weight) of diabetic rats also showed greatly reduced levels, which ranged between 50% and 90%. One contributing factor to these observed reductions in total protein could be increased protein turnover, derived from increased protease activity. Moreover, this suggestion could be supported by our cation analysis data. Compared to non-diabetic animals, all ocular tissues from the diabetic rats examined in this study showed large increases in the levels of Ca 2+ (p < 0.05) that were of the order of two to threefold (Figure 2A ). Previous studies on diabetic rats have shown that increased levels of Ca 2+ in both the lens and retina of these animals could lead to the over-activation of tissue specific proteases, resulting in the degradation of lens proteins 28 and retinal degeneration. 13 The present study also found that, compared to non-diabetic rats, Zn 2+ levels [mg. ml -1 100 g tissue -1 ] were increased almost threefold in the cornea of diabetic rats with a smaller two-fold increase in the retina of these animals ( Figure 2B ; p > 0.05). Matrix metalloproteinases are zinc dependent enzymes that are over-expressed in diabetic cornea and retina, leading to increased proteolysis of extracellular matrix components, cell surface molecules and other substrates. 29, 30 In contrast, however, Zn 2+ levels (mg ml -1 100 g tissue -1 ) in the lacrimal glands and lenses of diabetic rats showed no significant differences to those of non-diabetic animals (p > 0.05). In contrast to the above analyses, it was found that ocular tissues from diabetic rats exhibited levels (mg ml -1 100 g tissue )-1 of Mg 2+ ( Figure 3A ), Cu 2+ ( Figure 3B ), Na + ( Figure 4A ) and K + ( Figure 4B ) that were generally strongly decreased relative to those of non-diabetic animals (p > 0.05) with reductions ranging between 30% and 70%. In the case of these latter ions, Na + and K + channels are well and Na + (B) levels in the cornea, lens, lacrimal, and retina and sclera of control (£) and STZ-induced diabetic rats ( ). Data are mean ± SEM, n = 7. * p > 0.05 indicating that diabetic tissue contains significantly increased / decreased levels of cation when compared to the control. known to play important roles in modulating membrane potential 31 and recent studies on STZ-induced diabetic rats have shown that the disorder is able to influence both the membrane potential and K + channel function of diabetic muscle. 32 Currently, we are investigating the possibility that similar abilities underlie the reduced levels of Na + and K + observed in the diabetic ocular tissues of rats in the present study.
In conclusion, the present results show that DM is generally associated with significant physiochemical changes in ocular tissues with regards to body weight, blood glucose, plasma insulin, and protein and cation levels when compared to controls. Based on the data, it has been speculated that diabetes may induce changes in ocular tissues that include higher protein turnover through increased protease activity and changes in Na + /K + channel function. It is suggested that these changes may contribute to sight impairment and eye disorders such as diabetic retinopathy and diabetic cornea.
